Abstract The need for transparency is taking more prominence in international climate negotiations as developed countries pledge large sums of money to foster adaptation efforts in developing countries. Tools that provide accurate and up-to-date spatial information that can be easily used and vetted by local practitioners may provide effective and affordable ways to improve transparency. The Global Adaptation Atlas is such a tool, combining vetted, publicly available climate impact data with timely maps of on the ground adaptation projects to highlight confluences of effects of climate change with actions taken to address those effects. Here, we describe the structure and general functions of the Global Adaptation Atlas and explain how it may be utilized to track short-term investments in adaptation. Over longer time scales, it may also help gauge the effectiveness of specific adaptation investments as well as reveal how different climate impacts affect long-term investment in differing regions.
INTRODUCTION: PROBLEMS AND SOLUTIONS
Effectively adapting to a changing climate represents one of the most formidable challenges facing the international community over the next century. The stated goal of global average temperature increases less than 2°C as established in the Conferences of the Parties (COP) to the United Nations Framework Convention on Climate Change (UN-FCCC) is growing more and more difficult to achieve. Concurrently, predicted changes in natural systems are occurring on faster timescales than originally anticipated and greenhouse gases emissions continue to increase at rates once labeled ''worst-case.'' After nearly 20 years of international negotiations, the international community is still a great distance from agreeing to a comprehensive system for reducing emissions. As a result of all these dynamics, adaptation has grown in prominence over the past few years and will continue to play a large role on the international stage.
Adapting to the many impacts that will manifest from the changing climate is a vast challenge because it is so complex and affects so many different aspects of human society. Increasing average temperatures and shifting precipitation patterns will drive processes that lead to more extreme storms, droughts, floods, sea level rise, shortened winters and earlier pollination schedules, altered disease and pest distributions, and major changes in terrestrial and marine ecosystems. Effects on natural systems in turn affect human systems like water availability, agriculture, public health, and economic development. The goal of adaptation responses should be to increase the resilience of human societies to respond to climate stressors to food, water, land, health, and livelihoods. The international community is mobilizing to assist those most vulnerable to these impacts with large influxes of money to build resilience.
Adaptation policy design is, among other things, a spatial problem; the locations of people, resources, and climate impacts are central to making decisions about adaptive responses. Responding to the multiple issues posed by adaptation require a coordination mechanism that brings together information on the impacts of climate change, adaptation activities, and financial disbursements from donors for aiding such activities. The Global Adaptation Atlas is designed to be one such coordinator of information and to serve as a tracking mechanism that collates diverse information on the peer-reviewed literature on the human impacts of climate change and details on adaptation activities, including information on sources of funding. In this article, we describe the current status of adaptation internationally and why response efforts should include tools like the Adaptation Atlas. We then present the architecture and function of the Atlas.
THE NEED FOR INTERNATIONAL ADAPTATION
As scientists work to better understand the scale and magnitude of future climate impacts, academics, NGOs, and other actors are making more explicit connections between those impacts and their effects on human populations. Actions to reduce the vulnerability of communities to adverse impacts and to increase the resilience of social, economic, and environmental systems form the core of adaptation efforts moving forward. As these activities progress, they will likely be designed to be harmonious with issues of sustainable development, as the links between adaptation and development have been noted by prominent scholars for years (Brown and Kaur 2009) , and major institutions like the World Bank recognize the potential negative impacts of climate change to ongoing development issues (Agrawal 2008) .
While adaptation will likely occur everywhere, developing countries may suffer the most negative impacts while possessing the least number of resources to effectively respond. Impacts will manifest across multiple areas critical to human survival and development, including food production, access to water and arable land, public health, and economic viability. In regards to food production, climate models project changes in food crop yields will have a much more deleterious effect on developing countries than developed countries (Parry et al. 2004 ). On the public health front, distributions of malaria may increase in some African countries (Tanser et al. 2003 ) and the geographic extent of dengue fever may expand significantly (Hales et al. 2002) . Instream water flows may decrease in southern Africa, southern Europe, and the Middle East (Milly et al. 2005 ), which will likely have significant health and economic consequences. These potential impacts will have to be considered when designing and executing development plans in poor and rich countries alike, though the ability to do so will be dependent on the types of impacts expected.
Adaptation efforts will need to be tailored to local conditions and needs because climatic impacts vary geographically in magnitude and type. Thus, policies and actions will take different forms across landscapes based on the resources available in different areas, the ability of communities to respond effectively, and the nature of impacts. As nations gear up to adapt, they will need to harness ideas and tools and explicitly consider the geographic heterogeneity of climate change.
STATUS OF CURRENT INTERNATIONAL ADAPTATION EFFORTS
The status of adaptation in international negotiations has grown significantly over the past decade to where it is now seen as one of the key aspects of any future accord. Within the UNFCCC, the focus on adaptation first developed in two forms: a concentrated program to understand the important scientific and socio-economic factors and an effort to improve methodologies for executing on-the-ground adaptive actions.
1 The urgency for strong action spurred by the fourth IPCC report led to adaptation's inclusion as one of the four building blocks for a post-2012 climate regime established at COP 13 with the Bali Road Map in 2007.
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The Copenhagen Accord 2 years later solidified support for adaptation action in vulnerable areas by developed countries, which agreed in the Accord not only to generate ''adequate, predictable, and sustainable financial resources, technology, and capacity-building'' 3 for implementing adaptation actions but also pledged USD 30 billion in faststart financing to be split between mitigation and adaptation efforts from 2010 to 2012. As part of the package of agreements from COP 16 the following year, the Cancun Adaptation Framework established an Adaptation Committee to help implementation of robust adaptation actions with technical support and information sharing. In addition, the framework encouraged nations to augment current efforts through national adaptation planning efforts and to buffer resilient systems. It also established the Green Climate Fund, which will be used to support actions in thematic areas, including adaptation.
To jumpstart the most vulnerable nations in preparing for potentially damaging climate impacts and receiving aid from wealthier nations, the UNFCCC also requested Least Developed Countries (LDCs) to develop National Adaptation Plans of Actions (NAPAs). As of November 2010, 38 countries had submitted their NAPAs to the UNFCCC for potential funding. These formal plans lay out the important needs specific to each nation, impacts that are most urgent or will cost the most measures are best-suited to address them, and the government's approach to implementing those necessary actions. NAPAs serve a number of critical purposes, not least of which is showing how LDCs intend to use the financial resources they will receive from developed countries. Furthermore, they must identify efforts that are actionable with existing information to reduce delays and move funds to where they are needed.
As official actions on adaptation have grown, so has the structure to provide them with appropriate funds to turn plans into on-the-ground results. Development agencies of Annex I parties under the UNFCCC parties have already committed to and are supporting various adaptation activities, including the development of NAPAs, 4 vital scoping and assessment activities, and implementation of much-needed programs and projects. The Adaptation Fund, supported through a 2% levy on proceeds from the Clean Development Mechanism established under the Kyoto Protocol, is now functional and currently funding existing adaptation efforts. Moreover, along with the fast-start financing promised in Copenhagen, developed nations have also pledged as part of the agreement to establish a fund that will divvy out USD 100 billion annually start in 2020 to developing countries threatened with severe climate change impacts.
In addition to the plethora of funds to be made available under the auspices of the UNFCCC; bilateral, multilateral, philanthropic, and private actors play a key role in the adaptation finance puzzle. In particular, multilateral donors such as the World Bank and UN Development Program (UNDP) have established multiple programmatic endeavors targeted at furthering adaptation efforts, including the Pilot Program for Climate Resilience (established by the World Bank in 2009), and the Small Grants Programme (established by UNDP in 2010). Other regional multilateral banks such as the African Development Bank (AfDB), the Inter-American Development Bank (IDB), the Asian Development Bank (ADB), and the European Bank for Reconstruction and Development (EBRD), as well as to other inter-governmental organizations such as the International Finance Corporation and United Nations for Environment Programme (UNEP), play vital roles in their regions and areas of interest. Philanthropic organizations such as the Rockefeller Foundation, 5 are devoting significant resources toward the adaptation field. Activities of these diverse donors and actors need to be coordinated on a global, regional, national, and local level so as to avoid duplication of efforts or maladaptive strategies, and to leverage commonalities and possibilities for co-benefits in their approaches.
TRANSPARENCY AND INFORMATION NEEDS
As developed countries and NGOs steer more resources toward international adaptation efforts, they will likely seek some level of assurance that funds and efforts are truly getting to those who need aid most and projects are being implemented as effectively as possible. Transparency is a necessity for ensuring the efficacy of adaptation support (Muller 2008; Barr et al. 2010) , both in the distribution of funds and the support of specific projects with those funds. Indeed, the level of participation of developed countries like the United States in adaptation funding may in part depend on the levels of transparency throughout the funding chain. As a result, funders will need to utilize tools and techniques that can help keep track of who is distributing and receiving adaptation funds, what those funds are intended to support, and how long they are intended to last. Ensuring transparency along the fund distribution chain, however, will not alone ensure success for adaptation projects. The amount and quality of information that can be collected and provided to policymakers in a useful form about expected impacts from climate change will play a major role in determining the efficacy of adaptive responses. On-the-ground actors typically do not have the resources to conduct extensive studies on local climate impacts and must look for sources to help them understand the conditions they will likely face in the future. Useful climate information is in many ways a public good. That fact combined with the massive need to inform a wide swath of impact areas and different regions means that the responsibility to gather information and make it easily accessible often falls to national governments (Macauley 2010) .
Unfortunately, LDCs and other vulnerable countries lack the requisite expertise and resources to gather and provide climate data or have yet to develop reliable systems to consistently provide and process information useful for making decisions (Govender 2010) . Moreover, the sheer magnitude of climate impacts that will manifest in the developing world can be overwhelming such that it is difficult for data providers to recognize what information is most relevant or needed. Thus, it will be critical to get developing countries access to tools and systems that can present climate information in a digestible form, but are also flexible and responsive enough to address user-specific challenges and consider the heterogeneous nature of climate impacts over space and time (Liverman 2010) . The spatial aspect is particularly important because the effects of climate change will be felt differently across landscapes. Decisions for adaptation funding will have to account for the location of populations, available resources, and scope of impacts in that particular area. Mapping and spatial information related to climate impacts and adaptive responses is a key piece that has thus far been missing from the decision making process for adaptation. Here, we present a tool that can fill that gap.
THE GLOBAL ADAPTATION ATLAS
To enable the translation of scientific information into a form that could have a useful influence on policy decisions and adaptation resource allocation, we created the Global Adaptation Atlas.
6 With geography as one of the primary links between impact science and adaptation activities, the Atlas was designed to be a web-based, dynamic mapping, and visualization tool that can help prioritize research and action on adaptation. The Atlas strives to achieve this goal through a collation of the peer-reviewed literature that focused on the projected human impacts due to climate change to identify the gaps in the scientific literature, as well as to collate the best available information on past, current, and future adaptation activities so as to help create a ''community of practice.''
The activities envisioned that the Atlas can assist with include:
(a) identification of the major research gaps in the peerreviewed literature on the impacts and areas less studied; (b) tracking of financial commitments, disbursements, and effectiveness of funding provided by the various parties to the UNFCCC and other crucial donors; (c) recognition and tracing trends between adaptation and development activities; (d) observation of issues that adaptation activities address in their objectives; (e) enhancing the ability of local, national, regional, and global decision and policymakers to coordinate, collaborate, and understand ongoing activities, and to plan for expected impacts.
ARCHITECTURE OF THE ADAPTATION ATLAS
The Atlas's information depository consists of two main parts: data derived from the peer-reviewed literature on the human impacts of climate change, and details on adaptation activities from various actors. Much of the early literature on the impacts of climate change revolved around the expected temporal and spatial changes in temperature and precipitation. The Atlas focuses on the section of the literature that dives one step deeper: what are the impacts that will manifest as a result of changes in temperature and precipitation on such things as crop yields, disease vectors, and surface water runoff? The Atlas is a human-centric tool and focuses on scientific and model findings that address impacts on human activities. The tool contains data on the impacts of climate change and adaptation activities, spanning five different themes: food, water, land, health, and livelihood.
To collect this information, the Atlas team first conducted a literature review in late 2008 and early 2009. The team identified papers that were relevant and applicable to the goals of the tool and contacted their respective authors to obtain the results of their work. The Atlas, to a large extent, relies on the willingness of published academics and scientists to share their results and information. Out of 200 studies identified, only 22 authors responded with their consent and relevant data. Of these, 16 studies eventually populated the Atlas, as shown below in Table 1 .
These data were then spatially represented using ArcGIS software (a mapping program), prior to their inclusion into the tool. Each study was tagged with the appropriate Atlas theme, designated by color, 7 and was connected to a future climate storyline. The storylines used in the Atlas were taken from the IPCC Special Report on Emissions Scenarios (SRES) as part of the Third Assessment Report in 2000. The four major storylines, as defined in the SRES are:
• A1 storyline and scenario family: a future world of very rapid economic growth, global population that peaks in mid-century and declines thereafter, and rapid introduction of new and more efficient technologies.
• A2 storyline and scenario family: a very heterogeneous world with continuously increasing global population and regionally oriented economic growth that is more fragmented and slower than in other storylines.
• B1 storyline and scenario family: a convergent world with the same global population as in the A1 storyline but with rapid changes in economic structures toward a service and information economy, with reductions in material intensity, and the introduction of clean and resource-efficient technologies.
• B2 storyline and scenario family: a world in which the emphasis is on local solutions to economic, social, and environmental sustainability, with continuously increasing population (lower than A2) and intermediate economic development (Nakicenovic et al. 2000) . 6 Available at www.adaptationatlas.org. 7 The relevant color schemes are food-green, water-blue, landbrown, health-red, and livelihood-purple.
Each paper used in the Atlas was treated as a unique story that had a separate representation of possible climate outcomes because a single study could provide anywhere from a single data layer to up 129 different layers, dependent on the combination of theme, years, climatic scenarios, locations and amount of modeling runs. Other unique characteristics used to filter the papers were the time-frame of projected impacts (2020, 2030, 2040, 2050, 2080, and 2100) , and the type of projection, whether it was a raw projection or a percentage change from a specified baseline. For example, Parry et al. (2004) provides the Atlas with the most combinations of data at 129-as the study examines the baseline scenarios of crop production, as well as raw yield projections and changes in these yields across seven different IPCC scenarios and five different time frames (Fig. 1) .
These unique characteristics were used as a filter system to ensure that data projected to different time frames or under different scenarios could not be viewed concurrently, as they were fundamentally based on differing assumptions. The tool allows for single impact layer views or multiple impact views. Single layer views allow the user to examine each unique combination of information individually, while the multiple impact view allows users to combine different layers to see where impacts may occur concurrently. This data combination is a simple stacking of each layer where darker colors represent both the expected magnitude of the individual impact and the presence of other impacts (Fig. 2) .
Along with climate impact findings, the Atlas also has detailed information on adaptation activities collected from different sources, with descriptions of initiatives and donors, including development and research organizations. Information on adaptation actions are collected from various sources. In the first iteration of the Atlas, the team sourced information from UNDP's Small Grants Programme, 8 To include the widest range of adaptation activities possible, we included any initiative that the provider of information termed as adaptation, and did not place any restrictions on the types of projects included. Activities currently included in the Atlas span from research endeavors to plans and implementation of activities on the ground. This lack of prior definition may allow researchers to track possible changes in what is considered to be adaptation over time. Further, it could also allow analysts to track various efforts on research and planning (for example, activities such as designing a local or national adaptation plan, or performing risk and vulnerability assessments) versus implementing, monitoring, and evaluating on the ground adaptation activities.
Similar to the scientific information collated in the Atlas, the activities listed are categorized by the themes they address. In most cases, adaptation activities are designed to address multiple issues, and so activities were tagged to both a primary and secondary theme. To enable the research, planning, tracking, and monitoring functions of the Atlas, we collected the following details for each project: name, implementing organization(s), sponsoring organizations with financing commitments, location, and a brief description of undertaken activities. Wherever possible, we collected information on the start dates and duration of the project, in addition to contact details, project websites, and other related activities. Activities can be filtered by their type, donor, amount of resources devoted, and year of inception (Fig. 3) .
HARNESSING THE ATLAS: USER OUTREACH AND LONG-TERM TRACKING
The Atlas aims to enable a sustainable community of practice around the issues of adaptation. The community of practice, in the broadest sense, encompasses all of the actors that are either tangentially or wholly involved in furthering research, policy, and action on adaptation, such as international climate negotiators, national policymakers, on-the-ground actors, and the general public. To support this capability, the tool is designed to allow users to register for personalized accounts. The account allows users to select their preferences on their themes, locations, and topics of interest. In future iterations, the tool will provide tailored feedback to users on newly uploaded information. For example, if a user was interested in adapting to desertification, the Atlas would recommend other relevant information based on the same keywords associated with other projects or impact layers. Users are also allowed to comment and provide feedback on projects or research of which they are aware.
The wealth of information contained in the Atlas lends itself to multiple uses and audiences. At minimum, the Atlas is a resource for researchers and planners (spanning the different implementing actors and sponsoring organizations) of adaptation activities. Visual information on projected impacts and current adaptation activities may facilitate these communities in identifying gaps in research and responses, possibilities for further development of their On a global scale, the tool can allow for financial accountability under the UNFCCC framework. As the mechanisms of the Green Climate Fund and fast-start funding regimes are solidified, the tool can help donors, recipients, and civil society organizations track, in an open and transparent way, the flows of support toward adaptation. Finally, the Atlas also serves as an educational tool for individuals and educators in the general public. Educators and the public are guided through the easy-to-use tool so as to enable their understanding of the current and future projected impacts in their areas of concern. These users are also able to access vital information on the activities that are planned, under implementation, or completed in their respective areas. In addition, users can contribute studies and results that they find useful or wish to share will colleagues by submitting them to the Atlas, where they will be subject to the same filtering standards as the studies currently within the Atlas.
As it stands, the Atlas is in its alpha version, meaning that it is fully functional, but has not yet reached a large proportion of its intended audience. The next phase in its development is to cultivate a community of practitioners and academics who can utilize it and test its applicability. As the testing process moves forward and more users take advantage of the Atlas's database to add other studies, the information housed in the Atlas will become more extensive, both in terms of impacts and adaptation projects. With this accumulation of results, the Atlas will lend itself more easily to longer term analysis. On-the-ground actors will be able to use it to track specific projects and gauge their effectiveness over the lifetime of their funding lives, which will help funders and implementing officials better understand what types of actions are most useful in specific areas. Long-term analyses can help identify successful projects as well as maladaptations that should be discontinued or discouraged in other areas.
Similarly, long-term result tracking in the Atlas will contribute to future policymakers and academics' understanding of how project funding responds to particular expected impacts. For instance, one might expect to see more water-enhancement related projects in areas where major impacts to surface and groundwater are expected. The Atlas may help illuminate if this expected pattern holds and will also help reveal what types of projects are being supported in certain areas as adaptation efforts move forward. As such patterns reveal themselves, independent funders can utilize the Atlas to help determine if they wish to invest their resources in specific regions. Similarly, policymakers may use the Atlas to monitor fund deployment over time to help ensure those most in need are receiving assistance. 
OPPORTUNITIES MOVING FORWARD
The ability of the Adaptation Atlas to inform multiple audiences on adaptation issues will expand with its user base and its data catalog. In the Atlas's initial development stages, information gathering was primarily geared toward study results and datasets with a global extent. The vast majority of data layers currently in the Atlas are global, with some regional focus on Africa and the Middle East.
This was an appropriate approach for two reasons. First, the Atlas is designed to be accessible to users in both developed and developing countries who are interested in tracking projected climate impacts or existing adaptation funding. Phase One of the Atlas construction necessarily took a global perspective to showcase the capabilities of the visualization of data and to show how it can be useful for tracking understanding of impacts and investment flows across different scales. Second, much of the important impact model results and information on existing adaptation projects was available globally. In tackling the challenge of populating the Atlas with salient and accessible studies, the production team chose to set the foundation for future users with large datasets that highlight the heterogeneous impacts that countries and separate regions will experience.
As it is currently built, the Atlas is an implement with great potential to allow policymakers, scientists, and citizens to see the geography of climate change impacts and coordinated human responses. It provides a framework and methodology through which one can more easily access portions of the scientific literature and adaptation activities. As a dynamic mapping tool that can assist critical resource decisions, it will evolve and expand its current scope to address decision makers' needs. Major avenues through which the Atlas can increase its current usability include focusing collection of results on a more regional scale to show smaller scale impacts, expanding the current user community and encouraging it to actively contribute to the Atlas, and confirming the best data are entering the Atlas through continued verification of findings and meta-analysis (Fig. 4) .
CONCLUSION
The challenges of adapting to climate change include not only just responding properly to anticipated impacts and increasing the resilience of vulnerable communities but also working to ensure that decision makers have the proper tools to make informed decisions. The Adaptation Atlas is such a tool. Its ability to represent projected climate impacts spatially along with current on-the-ground efforts will allow policy actors who utilize it to move forward with a better understanding of existing responses. Moreover, it can help illuminate scientific gaps in the expected challenges for adaptive responses. It is a framework with great potential that will hopefully play an active role in assisting the world adapt effectively to climate change.
